Background: Wide local excision of primary cutaneous melanoma usually provides clear margins and excellent local control. Nonclassical presentations of cutaneous melanoma, however, can challenge this treatment algorithm. Specifically, persistent melanoma-in-situ (MIS) at the margin not suspected clinically makes planning definitive wide local excision more difficult. We hypothesized that the use of punch biopsies as a mapping tool would allow us to obtain clear margins in these challenging cases.
Wide local excision of a primary cutaneous melanoma usually provides clear margins around a primary melanoma and excellent local control. Nonclassical presentations of cutaneous melanoma, however, continue to challenge the physician and may not fit into the typical management algorithm. This is especially the case when the radial growth phase component of the melanoma is nonpigmented and not clinically evident. 1 Occasionally, the radial growth phase component of a melanoma may extend well beyond the visible extent of the melanoma. The planning of a wide local excision is based on a reliable skin examination and a location where adequate margins can be achieved. In cases of extensive atypical melanocytic hyperplasia (AMH) and melanomain-situ (MIS), defining margins can be more difficult.
Standard management of MIS includes resection to a clear margin. Leaving MIS in place is associated with risk of subsequent development of invasive melanoma, with associated mortality risk. [2] [3] [4] Especially when an invasive melanoma arises from an area of extensive MIS, it is possible that other areas of invasive melanoma may have arisen concurrently from a different location within that area of MIS. Thus, it is prudent to reexcise to clear margins if MIS is present at the original wide excision margin. In cases of AMH that are related to the primary melanoma, reexcision to clear margins is also indicated.
We have developed a melanoma mapping technique that permits tissue sampling to enable clear margins. This method minimizes morbidity and maintains a traditional surgical approach for obtaining adequate local control of primary or locally recurrent melanoma and is comparable to a technique described to define tumor margins in angiosarcoma. 5 Although similar staged surgical procedures have been described in melanoma, 6, 7 our technique offers the advantage of performing simple punch biopsies without use of a Wood's lamp and the ability to evaluate the tissue at multiple distances from the tumor in a single procedure. We have used this melanoma mapping technique in the setting of extensive MIS or invasive melanoma at or beyond the initial surgical margins of resection. We present this methodology and three cases in which it has been applied at our institution.
PATIENTS AND METHODS
During the past several years, three patients presented with invasive melanoma, MIS at initial margins, and one or more complexities in their clinical presentation for which there is no standard management recomendation to ensure a clear margin. We developed an approach for mapping the extent of melanoma that was successful in several patients and may have broader applicability. This mapping method uses standard surgical techniques and was not part of an experimental protocol. The management of three patients was documented prospectively with photographic and written records during their clinical care. The medical records for these patients were reviewed, and data were summarized under institutional review board protocol HIC 10803.
For patients with extensive radial growth phase melanoma manifested by MIS or invasive melanoma extending to surgical margins in the wide excision specimen, before additional surgical resection, the following steps were taken. Marks were made on the skin to identify biopsy sites 1 cm beyond the scar or residual melanoma lesion. They were placed 1 to 2 cm away from each other surrounding the scar or resection margins (Fig. 1A) . Additional biopsy sites were marked in an outer concentric circle 1 cm peripheral to the inner sites. These were 2 cm away from the scar (Fig. 1B) .
Each biopsy site was marked on the skin with a number, ideally in the order it would be sampled, moving from most peripheral to least peripheral. The biopsy site marks were documented by photographs and a drawing submitted with the pathology requisition. Punch biopsies were performed, and samples 2 mm in diameter were obtained at the identified sites. The same punch biopsy instrument was used for each of two separate biopsies. The first sample with each instrument was taken at the more peripheral location to avoid contamination from a tumor area to a tumor-free area (e.g., sites 1 and 2 with one instrument, then 3 and 4 with a second instrument). Each specimen was labeled unambiguously with the biopsy site number and was sent along with a sketch of the biopsy site locations (Fig. 1C) .
For a positive punch biopsy report (AMH, MIS, or invasive melanoma) at a peripheral location (e.g., 2 cm from the prior scar or lesion), the mapping technique could be repeated on a subsequent day to sample surrounding tissue out to an additional 1 and 2 cm beyond that site (Fig. 1D) .
After adequate mapping, wide local excision of skin extending at least 1 cm beyond all positive or borderline biopsy sample sites was performed (Fig. 1E ). Margins were evaluated on the excision specimen in accord with standard practice.
CASE PRESENTATIONS: APPLICATION OF TECHNIQUE
We present three cases that illustrate the use of melanoma mapping technique to define surgical resections in situations not optimally treated by the standard algorithm.
Patient 1
The first patient is a 72-year-old white man who was referred to our institution for evaluation and treatment of locally recurrent melanoma on the glabrous skin of the palm of his right hand. Nine years before seeking care at our institution, he had been diagnosed with an acral lentiginous melanoma (Clark level IV, Breslow thickness 2.1 mm) at this site. He had received appropriate surgical treatment, including a wide local excision and a split-thickness skin graft, and he had negative sentinel lymph node biopsy findings (T3aN0M0, stage IIA). Forty months after this, and approximately 5 years before coming to this institution, he experienced local recurrence with an invasive melanoma (Clark level III, Breslow depth 1.17 mm). He again underwent a wide local excision and repeat sentinel lymph node biopsy at the same original cancer center. The sentinel node biopsy findings were negative, but there was atypical melanocytic proliferation at multiple margins. These positive margins were not reresected, but he was treated with adjuvant radiotherapy (30.0 Gy in five fractions) and high-dose systemic interferon treatment for 1 year.
Nine years after his initial diagnosis, the patient developed a 5-mm-diameter recurrent pigmented lesion at the ulnar edge of his original skin graft, which underwent biopsy and was read as MIS, and he sought care at our institution. We performed another wide local excision with approximately a 1-cm margin and applied a full-thickness skin graft. However, histologic evaluation of the excision margins revealed MIS at all margins. None of the surrounding skin appeared pigmented or otherwise suspicious, but an additional 1-cm margin was excised, including the peripheral edge of the recent skin graft. The defect was covered with a doughnut-shaped full-thickness skin graft, preserving the central part of the recently applied skin graft in the center (Fig. 2B) . Despite now having excised margins approximately 2 cm beyond the clinically evident local recurrence, histologic examination of the specimen revealed focally invasive Clark level III malignant melanoma 0.9 mm in depth, with extensive MIS extending to the proximal and distal aspects of the radial (lateral) margins.
The surrounding skin had no clinically evident melanocytic lesions ( Fig. 2A) . To determine the additional margin required while salvaging hand function, a skin-mapping technique was used. Under local anesthesia, in the outpatient clinic, eleven 2-mm punch biopsies were performed in the areas surrounding the graft margins (Fig. 3) . Three of the 11 punch biopsy samples (procedures 4, 5, and 7) revealed MIS, and the results of biopsy 6 had superfi- cially invasive, Clark level II, 0.35-mm malignant melanoma. Ten additional punch biopsies were then performed on a separate day, marking 1 and 2 cm out from original biopsy sites 4, 5, 6, and 7 (Fig. 3C , labels A-J). Of these second-tier biopsies, the only pathologic abnormality was atypical junctional melanocytic hyperplasia (Fig. 3C, labels A and B) .
Wide surgical reexcision was performed, taking 1-cm margins beyond all positive biopsy sites (Figs. 1E and 3D) . A split-thickness skin graft was applied. The total width of this patient's mapped-out melanoma was approximately 6 cm in diameter, which was dramatically more extensive than the clinically evident lesion. He has had good functional recovery after skin grafting, and since the last repair, the patient has had regular follow-up with his primary dermatologist and has been without evidence of recurrence for 28 months.
Patient 2
The second patient is a 46-year-old white woman who presented with an ulcerated 2.1-mm, Clark level IV melanoma of her right upper back with microscopic metastasis to a right axillary sentinel lymph node (T3b, N1a, M0, stage IIIB). She underwent wide local excision with a 2-cm margin in October 2006. The original pathology review reported diffuse lentiginous melanocytic proliferation with some cellular atypia and hyperplasia extending to numerous margins. These concerning margins were reviewed and discussed with her surgeon and dermatologist, and she was advised that she likely had extensive melanocytic atypia all over her back for which meaningful margins would not likely be achievable. She was concerned about recurrence risk and sought a second opinion at our institution, and our dermatopathology review was that the atypical melanocytic changes extending throughout the wide excision specimen met criteria for diagnosis of MIS. This MIS extended to the superior and inferior margins and was continuous with the original biopsy scar. She had extensive sun damage and numerous nevi on the skin of her back, and there was irregular pigmentation, but there was no identifiable clinical correlate to the histologic findings of MIS (Fig. 4A ). The original recommendation had been to follow her skin examinations clinically rather than perform additional surgery.
Her sister had died years before from melanoma while in her 30s, and our patient had thus been vigilant, with careful and routine dermatologic surveillance every 3 months. Despite that, her melanoma had been diagnosed at a relatively advanced stage, so she was uncomfortable with a watch-and-wait approach.
The decision was made to assess whether there was histologic evidence of MIS extending so wide that it would not be resectable, or whether a reasonable reresection margin could, in fact, be defined. The melanoma mapping technique was used to address this question and to guide surgical intervention for local control. Sixteen 2-mm punch samples were taken by punch biopsy 1 and 2 cm away from the scar (Fig. 4B) . Despite the original clinical opinion that there would be extensive AMH/MIS well beyond a reasonable excision margin, histologic assessment of these punch biopsy specimens revealed no additional melanoma and showed atypical melanocytic proliferation at only 1 of 16 biopsy sites (Fig. 4B and C, site 1) . Because the original margins were extensively positive for MIS, we recommended reexcision, but were able to limit the reexcision to 1-cm margins, with the exception of the single site of AMH, where we recommended 1.5 cm beyond this biopsy site (Fig. 4C) . This was closed primarily. The final pathology review revealed clear margins, and the patient has remained free of locoregional recurrence for 17 months.
Patient 3
The third patient represents another case where an invasive melanoma with MIS at the margins was not reexcised and presented later as invasive disease at one margin. This patient was diagnosed with melanoma on her chest in 1990 and was treated with wide excision. In 2001 she developed a second primary melanoma of her left wrist, which was diagnosed as extensive lentigo maligna MIS with focal invasion to 0.45 mm, Clark level II, and with MIS at the margins. Reexcision was not performed. In 2007 she was diagnosed with an invasive Clark level V melanoma 4.35 mm deep at the edge of the prior skin graft on the left wrist, with MIS surrounding the invasive disease (Fig. 5) , and was referred to our institution. MIS extended to multiple margins. Skin examination revealed multiple concerning areas beyond the original skin graft, but no gross melanocytic lesion was evident at the edge of the recent excision. Again, we used the melanoma mapping technique to plan for definitive resection. Twenty-three 2-mm punch biopsies were performed; analysis revealed that two had atypical junctional nevi and one had MIS. Wide local excision was performed, with 1-cm margins from the previous scar and from each of the three positive biopsy sites. The pathology review from this wide excision revealed multiple areas of MIS within the specimen, but the margins were widely clear of disease.
DISCUSSION
Wide local excision of melanoma generally provides clear margins around a primary melanoma. In the case, however, of invasive melanoma or MIS at the margins of a wide excision, reexcision to clear margins is indicated; failure to do so can result in invasive recurrences, as highlighted by the histories of patients 1 and 3.
Our routine practice when there is MIS or invasive melanoma at margins of a wide excision is to reexcise the entire scar, with an additional 1-cm margin when original margins were positive. Additionally, when margins demonstrate AMH related to an MIS or invasive melanoma, reexcision to clear margins is indicated. Simple reexcision is adequate in most cases, especially those patients with disease at just one margin. Likewise, if the reexcision specimen demonstrated positive margins, most patients undergo adequate reexcision, with the second reexcision planned in a similar fashion. We do not propose that the punch biopsy technique be used routinely, even in the case of positive margins on second reexcisions.
We do recommend the proposed technique, however, in select cases. As illustrated in this report, when there is extensive MIS throughout the specimen or at numerous margins without pigmentation or other clinical findings to guide further reexcision, there is no standard approach to ensure clear margins with minimal morbidity. In cases where there is extensive sun damage and associated pathological changes, there is no standard approach to sample the field and to obtain a map of which areas have concerning pathology (such as AMH, MIS, or malignant melanoma) versus benign skin changes (such as melanocytic hyperplasia). In these clinical scenarios, we would recommend that this punch biopsy technique be considered. Stronger consideration would be recommended in anatomic locations where minimizing the size of resection is critical, as illustrated by patients 1 and 3 in this report. The face may in fact be an appropriate location, as the punch biopsy sites heal rapidly and scar minimally.
The present report illustrates a skin mapping technique that enables definitive resection of extensive occult melanoma at surgical margins. Mapping may enable definition of the appropriate margin when the extent of MIS or atypia may be unclear clinically. In all three cases, adequate margins were obtained in a single definitive resection, sparing the patient multiple additional procedures. This technique uses simple 2-mm punch biopsies and standard histological examination. This provides several advantages: low morbidity outpatient procedure, rapid healing, simultaneous evaluation at multiple distances from the original excision, and no requirement for specialized training or technology.
There are other alternatives to consider in managing difficult cases such as those presented here. These include systemic and local therapies. 1, [8] [9] [10] High-dose interferon alfa is the only approved adjuvant treatment for melanoma; however, it has not been evaluated for local control of radial growth phase melanoma and has clinically important morbidity. [11] [12] [13] [14] [15] Radiotherapy has been used for intransit metastases, nodal disease, and palliation, though limited data exist to guide its use as an adjuvant for incomplete surgical excision of local disease. 16 Topical imiquimod cream, an immune stimulator acting as a Toll-like receptor 7 agonist, has been reported to cause regression of MIS. 10 In the cases described, however, use of topical imiquimod would have been problematic without histologic mapping of the extent of tumor to guide the application. Furthermore, where there is clinically invisible MIS or invasive melanoma, there is no way to be confident of the success of imiquimod treatment without biopsy.
Surgical options include Mohs micrographic surgery and modified Mohs procedures. Although traditional Mohs surgery in some experienced centers has been reported to provide excellent margin control in melanoma, 17, 18 its widespread use is limited by the training and expertise required of the dermatopathologists and Mohs surgeon. Its role in management of melanoma is also generally debated.
Variants of the Mohs technique-''slow Mohs'' 19 and other similar staged excision techniques [20] [21] [22] have been developed to aid in treatment. These approaches address the challenge of the important background of junctional melanocytic hyperplasia in chronically sun-damaged skin 23 by allowing for evaluation of tissue fixed in formalin. Further modifications to the ''slow'' or staged Mohs technique have been described as the ''perimeter technique '' 6 and the ''square'' procedure. 7 These approaches enable sampling of the entire margin, but use a substantially more invasive initial procedure than in our mapping approach and leave a greater defect, pending definitive resection. Additionally, in these methods, only a single margin width is evaluated with each procedure, potentially requiring a greater number of procedures. One series reported up to four staging procedures before definitive reexcision. 6 No technique is perfect, and the punch biopsy technique does not evaluate the entire margin; there is a limit to the extent of mapping that is realistic. In cases of noncontinuous field cancerization, the punch biopsy technique may miss small areas of troubling pathology. In cases of continuous disease or near-continuous disease, however, the punch biopsy technique permits sampling of multiple areas at various distances from the original lesion in a single procedure with low morbidity.
Another approach uses confocal laser scanning microscopy to diagnose excised lesions 24 or in vivo tumor margins 25 as a means of distinguishing benign from malignant tissue. Ex vivo accuracy rate is reported to be >90%. 24 This is a useful approach but requires special expertise and capabilities that are not widely available. It does not include direct histology assessment.
Use of punch biopsies for mapping melanoma in combination with ultraviolet (UV) imaging has been reported previously. 1 The UV light permits identification of melanin in the dermal layer and preliminarily suggests the border of the melanocytic lesion. In experienced hands, UV imaging seems to be useful, and the punch biopsies aid in histologic confirmation of margins. Some melanomas, however, are not pigmented and therefore may not be highlighted by UV light. In patients with extensive melanocytic changes independent of melanin production, such as patient 2 described above, the extent of melanin production may not correspond to the extent of tumor. Thus, we propose that punch biopsy mapping can be useful independent of specialized imaging technology.
We have found that the described melanoma mapping approach is very well tolerated, definitive, and consistent with standard management approaches for definitive therapy of primary melanoma. This technique is simple to perform and is based on a standard punch biopsy technique. It does not require specialized equipment or experience and may be helpful to surgeons and dermatologists to add to their armamentarium for management of selected cases. We hope that the experience of others with this technique will further define its role.
In our clinical experience, this punch biopsy technique has proven useful in defining the extent of disease in patients with extensive melanoma that is not clinically distinguishable on examinations. Punch biopsies were performed in the outpatient setting with minimal morbidity. We did not analyze frozen sections, and we would not recommend them for these 2-mm punch biopsies. The subsequent surgical resection can use the precise landmarks created by the biopsy sites, maximizing the opportunity to obtain disease-free margins and minimizing patient morbidity in selected patients with extensive radial growth phase melanoma extending to margins of excision.
